The title of this discussion suggests that there have been some significant and radical changes in the theory or practice of electroencephalography. This, I think, has not yet occurred, but I believe we are now in a position to take another look at our subject and to make an attempt at re-appraisal of its techniques and of its usefulness. The history of electroencephalography indicates that in its clinical application it has been necessary always to use an empirical approach. We still have no fundamental knowledge of how the EEG phenomena are produced by neurones, and we have little knowledge of how these phenomena are altered by disease processes. We still do not know with any certainty what physiological functions, if any, these spontaneous electrical rhythms reflect. Interpretation of the EEG record for meaningful clinical purposes has rested therefore upon a basis of approximate correlations. There is little or no physiological logic or meaningfulness in this process, which has been empirical at the lowest level-i.e. a process of correlating EEG patterns with clinical facts without, as a consequence, the development of any theory which can be tested by experiment to account for the associations which have appeared. The lack of a general theory of cerebral functions to take account at cnce of both the normal and the abnormal EEG is still the greatest defect in the subject. The patterns of electro-cortical activity seen in the experimental animal subjected to lesions in, and stimulation of, different subcortical areas bear striking resemblances in many instances to the abnormal patterns encountered in the human EEG. It has proved very tempting to interpret the phenomena of the abnormal human EEG in terms of the results obtained on the experimental animal. The recognition of the influence which subcortical systems have upon the patterns of the cortical EEG has been the oustanding advance in knowledge of the last ten years.
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The title of this discussion suggests that there have been some significant and radical changes in the theory or practice of electroencephalography. This, I think, has not yet occurred, but I believe we are now in a position to take another look at our subject and to make an attempt at re-appraisal of its techniques and of its usefulness. The history of electroencephalography indicates that in its clinical application it has been necessary always to use an empirical approach. We still have no fundamental knowledge of how the EEG phenomena are produced by neurones, and we have little knowledge of how these phenomena are altered by disease processes. We still do not know with any certainty what physiological functions, if any, these spontaneous electrical rhythms reflect. Interpretation of the EEG record for meaningful clinical purposes has rested therefore upon a basis of approximate correlations. There is little or no physiological logic or meaningfulness in this process, which has been empirical at the lowest level-i.e. a process of correlating EEG patterns with clinical facts without, as a consequence, the development of any theory which can be tested by experiment to account for the associations which have appeared. The lack of a general theory of cerebral functions to take account at cnce of both the normal and the abnormal EEG is still the greatest defect in the subject. The patterns of electro-cortical activity seen in the experimental animal subjected to lesions in, and stimulation of, different subcortical areas bear striking resemblances in many instances to the abnormal patterns encountered in the human EEG. It has proved very tempting to interpret the phenomena of the abnormal human EEG in terms of the results obtained on the experimental animal. The recognition of the influence which subcortical systems have upon the patterns of the cortical EEG has been the oustanding advance in knowledge of the last ten years.
Nevertheless we must admit that the empirical approach to the subject has failed, since by this method the accuracy of diagnosis-the capacity to answer the clinical problemhas not significantly increased. Rather the reverse has occurred, since with increasing knowledge and experience, the apparent correlations have become less certain. In this respect we can compare the situation of clinical electroencephalography with other empirical techniques in medicine which have proved successful. Generally speaking, most of the measurements of chemical or physiological variables and the single observations of an anatomical or of a structural nature which we can make on man have reasonably hard and fast and therefore predictable associations. It is upon such things that the validity of laboratory techniques rests in clinical medicine. The empirical approach to electroencephalography has failed by comparison. The early work relating simple EEG observations to obvious clinical events has not proved a solid foundation upon which further measurements could be made which, in turn, increased knowledge of cerebral function or led to greater accuracy in topographic diagnosis or understanding of disease process. I would say that, as a result of a single EEG examination and without any clinical information it is rarely possible to predict what is likely to be wrong with a patient. The most useful knowledge the electroencephalographer can possess is clinical information about the patient; indeed, the electroencephalographer must interpret his data in the light of the clinical symptoms. Complete ignorance of the clinical state or an inability to understand the clinical problem which the patient presents, leads to the wildest errors, even in the hands of the most experienced physiologists.
Some of the difficulties which have arisen may have been due to common errors of thinking such as:
(1) First there has been preoccupation with areas of the brain as if they were autonomous units when, in fact, every area is part of a system or systems, disturbance in any part of which may disturb the functions of the area under observation.
(2) As a corollary of this there has been the idea that the disturbance caused by a lesion is necessarily at the site of the lesion.
(3) Thirdly there has been the erroneous idea that there exist electrophysiological or "electropathological" entities having constant clinical associations and a common causation. An example of this is the idea that bilaterally synchronous spike and wave activity is a func-Proceedings of the Royal Socidy of Medicine 30 tional entity with epilepsy as the clinical association and a constitutional or genetic causation.
(4) Then there is the common error of treating the data recorded on the moving paper as if it was a "thing", when in fact what are recorded are only changes of excitability during the period of time under observation. From this another error follows, that there is "an amount of abnormality". We commonly say, for example, that "there is a considerable amount of 2-3 c/s activity in the right frontal areas", or there is a "large amount of bilaterally synchronous spike and wave activity", suggesting that the greater the "amount" of abnormality, the more pathogenic the lesion, or the more certain it is that a lesion exists, or, by implication, the more serious the prognosis.
In place, therefore, of a spatial anatomical concept of local areas of the cerebral cortex as autonomous units, the electrical functions of which reflect the state of health or disease in them, there is a functional non-spatial and physiological concept of neuronal systems, involving cortico-cortical, intracortical, and subcortical-cortical connexions. Every area of the cortex is involved in all such systems, and the character of the spontaneous electrical activity in any cortical area may be affected by excitability changes in any part of any of the systems in which it is involved, and of which it forms a part. The EEG pattern is therefore sensitive to a large number of different physico-chemical changes but also to structural lesions of all kinds and in many anatomical sites remote from the area under observation. The functional or clinical correlates of changed excitability in these neuronal systems are not with motor behaviour or sensory experience, i.e. not in altered functions as detected by the methods of classical neurology. Rather it seems that the probable distinctive correlates will prove to be with adaptive psychological functions at a high level, such as learning abilities or conditioning processes. If this proves true we cannot therefore expect to find, and in fact we do not find, hard and fast correlations between EEG phenomena and sensorimotor functions of the C.N.S. In this respect there is a clear contrast with the data of morbid anatomy. Very numerous different clinico-pathological entities may result in the same EEG pattern, and many types of EEG pattern can occur in one disease. I would like to illustrate this theme by reference to three commonly encountered abnormal phenomena of the EEG. The first of these is concerned with the alpha rhythm and can be described as-changes of amplitude and occurrence of the alpha rhythm, lateralized to one hemisphere or confined to one area of the head.
Selective loss of the alpha rhythm on one side of the head is encountered in gross hemiatrophy and is seen, for example, in patients with infantile hemiplegia. In these cases it is assumed that the cortex producing alpha waves is absent. One can, in fact, map out maximal areas of atrophy with some precision by this means and recording the EEG under barbiturate narcosis facilitates the process since the fast rhythm which then develops in normal cortex is absent in atrophic areas. But if many records are taken in such cases it will be seen that the amount of rhythm in the damaged cortex varies from time to time. It is never safe to assume atrophic cortex on the basis of a depressed or absent alpha rhythm in one record. Indeed absent rhythm may mean that a mass of inert tissue, such as a hvmatoma or meningioma, intervenes between the recording electrodes and the brain. But there are often equally inhportant and more commonly encountered cases than this. Reduction or absence of the alpha rhythm may follow a cerebral thrombosis, a contusional blow, a focal epileptic seizure, a surgical procedure and sometimes when there is a spaceoccupying lesion, either intracerebral or extracerebral, anterior in the head on the same side. In all these cases the actual cortex from which the alpha rhythm is absent is itself normal from the structural point of view. As Williams and Reynell (1945) were the first to point out in the case of traumatic contusion, the site of disease or injury is generally anterior to the areas of depressed alpha rhythm. In these instances we are obviously observing the changed excitability in cortico-cortical systems.
A similar but sudden reduction of alpha rhythm is often witnessed when an epileptic focus starts to fire on the surface of the cortex. This active "suppression" of normal rhythm often precedes the discharge phenomena of the epileptic seizure and no doubt the same cortico-cortical neuronal systems are involved.
The focal abnormality.-The second commonly encountered phenomenon of the EEG is the focus of abnormal activity, and here I shall discuss only the slow wave focus and the focus of spike potentials. The slow wave focus is regarded as evidence of abnormal cortical function in the neighbourhood of the electrode from which it is recorded. Walter (1938) was the first to point out the difference between the focus of slow waves having irregular form (i.e. varying frequency, amplitude and harmonic content) which is strongly suggestive of local structural disease, and the regular sinusoidal type of slow wave focus not necessarily found in association with organic disease but often found in epileptics. The organic type irregular wave form focus is indeed one of the few distinctive, valuable and predictive signs in the EEG, being associated very frequently with structural lesions in the neighbourhood. But again the phenomenon can occur in the absence of such structural disease and it is most unwise to predict this on the evidence of a single EEG, particularly if the patient suffers from epileptic seizures. A focus of this type of abnormal activity can persist for some days after the seizure in the area from which a focal seizure has started. Serial EEGs spaced over some days are necessary to establish the constancy of the finding. In both types of case, the postictal focus and the tumour focus, depression of the alpha rhythm may be evident as well on the same hemisphere.
In the sinusoidal regular rhythmic slow wave foci, reported first in epileptics, the situation is more complex. These foci occur in normal cortex distant from structural lesions, and for this reason I think the term "physiological foci" is justifiable. They occur in a very large number of disease processes, as well as in epilepsy and in many cases in which there is no known cerebral disease. In the latter these foci are often found in the posterior temporal areas. Yet in other cases where known local lesions of the brain exist, the physiological focus may be also in the posterior temporal areas, when the lesion is elsewhere, perhaps in the other hemisphere. Indeed the physiological focus is always at a distance from the lesion if one is present, e.g. frontal in an occipital lesion, parietal in a frontal lesion, posterior temporal with a lesion in the homologous areas of the opposite hemisphere. Here again one must assume the altered excitability in cortico-cortical neuronal systems. These "'physiological foci" are often very sensitive to arousal stimuli, more so than the alpha rhythm, and in this respect contrast with the slow waves in the neighbourhood of lesions.
The spike focus.-The repeated random appearance of spike potentials from one area of the head has not itself any clinical correlations. Brazier (1955) has suggested that these spikes have the same origin as strychnine spikes, namely, that they represent the synchronized discharges of the apical dendrites of large cortical cells, without necessarily any discharge of the cells themselves. The focal spike discharge has been generally accepted as the best evidence we have of a local epileptogenic lesion, be it scar, atrophic gyrus, neoplasm, or vascular anomaly. The spike foci are encountered, it is realized, in the marginal cortex adjacent to the diseased area; the spikes therefore are thought to have localizing value and Intravenous metrazol, Megimide, chlorpromazine and other drugs are currently used for this purpose.
Subcortical type epileptic activity.-The third commonly encountered abnormality in the EEG is subcortical type epileptic activity. This phenomenon, the bilaterally synchronous episodes of spikes, spike and waves in different associations, has a number of forms. In its 3 c/s spike and wave form it was formerly regarded as the best EEG evidence of idiopathic epilepsy. Occasionally, however, this can develop after brain damage causing epilepsy and a cortical spike focus may also be present.
In the less characteristic forms of fast and slow spike and wave complexes, the subcortical type discharges are found in association with a very large number of diffuse pathological processes and the clinical associations are equally varied and do not necessarily include epilepsy (Hill, 1956) . It seems very probable that these discharges reflect changed excitability in subcortical-cortical systems and in themselves have no pathological or diagnostic significance. They are observed in the EEGs of patients with many and varied neurological disorders, in epileptics, in catatonic schizophrenics, and in behaviour problem patients; there is no single symptom or grouping of symptoms that can be related to the phenomenon.
The EEGs of the two following patients illustrate disturbances in cortico-cortical and subcortical-cortical systems brought about in one patient by a meningioma-itself not localizable directly by the EEG, and in the other patient by a vascular disorder, a carotid artery thrombosis, whose effect might be expected to disturb the functions of one hemisphere predominantly.
Case 1.-This woman aged 59, under the care of Mr. Murray Falconer, was found to have a large tentorial meningioma growing from the dura in the region of the anterior part of the right lateral sinus. The tumour had bulged up and invaginated the inferior part of the temporal lobe at the temporo-occipital junction. For seven years she had suffered from temporal lobe seizures with tinnitus and flashing red lights as an aura. On one occasion she had had an olfactory hallucination. There were no signs or symptoms of raised intracranial pressure. The EEGs showed:
(1) An alpha rhythm which was larger on the right side; (2) rhythmic 2-3 c/s activity in the right frontal areas; (3) a focus of low voltage 6 c/s activity in the right central areas in the transverse electrode line; (4) very poor photic responses in the right parietal areas compared with those on the left; (5) gross reduction of barbiturate-induced fast rhythm in all areas, including the sphenoidal area, on the right side. After removal of the meningioma, reduction of the alpha rhythm was seen on the right side.
Case II.-This man of 47, under the care of Dr. Denis Leigh, was found to have partial occlusion of the right intemal carotid artery from an atheromatous plaque. He had suffered three small "strokes" causing left-sided weakness, from which he recovered rapidly on the first two occasions. The third occasion resulted in coma and during recovery from this a left-sided Jacksonian fit occurred. He showed a left hemiparesis and left-sided astereognosis and autotopagnosia. This patient subsequently had an operation for removal of the atheromatous plaque and artery repair carried out by Professor C. G. Rob at St. Mary's Hospital. A series of EEGs showed the following characters:
(1) A reduction in the alpha amplitude on the right side together with poor responses to photic stimulation on this side ( Fig. 1 ).
(2) Focus of rhythmic high voltage 2 c/s activity in the right frontal areas and low voltage 6 c/s activity in the right temporal areas (Figs. 2 and 3).
(3) Bursts of subcortical type epileptic activity, i.e. bilateral, mainly frontal grouped spikes and slow waves (Fig. 2 ).
(4) Under I.V. Pentothal narcosis, barbiturate fast rhythm showed gross reduction throughout all areas on the right side ( Fig. 3 ).
(5) A focus of "sharp" waves at the right sphenoidal electrode, which persisted under Pentothal narcosis ( Fig. 4 ). Three months after operation the Pentothal pattern and the focus at the right sphenoidal electrode were still evident.
Discussion.-Any general statement about the diagnostic value of the EEG must include the recognition that the single routine EEG has a very limited value. At most it can provide an indication that something is wrong and perhaps roughly where it is wrong, but precisely what is wrong it cannot predict. In many patients the single routine EEG is normal, but if repeated studies are made in which the brain is subjected to activating measures and to a changed physio-chemical milieu, new information often becomes available which can throw light on the disturbed cerebral functions of the patient. For lack of a general theory we can again only use this information in an empirical way. It seems likely therefore that the use of the EEG as a single standardized test will be superseded in time by a series of detailed special investigations, planned in advance to answer certain quite specific questions about the cerebral functioning of the patient. Clinical diagnosis, in terms of the anatomico-pathological concepts of disease, is, I suggest, at one remove from the data of the EEG. Hitherto we have not known precisely what questions to ask. If we knew them we might find that the answers to them are of an importance equal to those we get from other sources and by other methods. any sort of answer. The isolation of the EEG laboratory and the lack of communication of ideas between clinicians and EEG workers in this country contrasts most vividly with the position in other countries. On the other hand there has been our failure to interest neurophysiologists in our problems. This again contrasts to our disfavour with other countries where we witness clinicians, physiologists and clinical EEG workers actively in communication and working together on clinical problems. Clinical electroencephalography may not yet have much importance in the whole field of the brain sciences. Yet in a sense the health and vitality of this small subject in any place, is a good indicator of one thingthe extent to which neurological thinking is based upon neurophysiological ideas and knowledge. An entirely fresh dimension in neurology has been opened up by the use of serial EEG records instead of placing reliance upon single tracings. Records taken at regular intervals have proved of prognostic value in cases of head injury, epilepsy and in cerebral infections. They have a diagnostic value in differentiating between an improving vascular episode and a worsening neoplastic process. They have disclosed new facts; thus Cobb and Hill (1950) described the development of unique and diagnostic changes in subacute progressive encephalitis, whilst Gibbs and Gibbs (1947) found in other forms of encephalitis that children, unlike adults, develop 3 c/s spike and wave complexes in the course of the illness. In cerebral lipidosis, Cobb et al. (1952) found a remarkable diagnostic and persistent EEG pattern in children, but which does not occur in adults.
Although the EEG can be expected to give exact localization in about 70 % of the gliomata and lateralization in 90%, it should not be employed to demarcate the anatomical limits of a cerebral tumour since this can be achieved so accurately by various radiological methods. Its value lies in the selection of cases for investigation and once they have been diagnosed to reinforce the clinical evidence of their progress. Indeed, in the course of such cases, the EEG tracings may show deterioration well before there is any clinical evidence of this. Differential tumour pathology is impossible on EEG grounds alone except when there are multiple focal abnormalities such as are seen with metastatic deposits. If the clinical and radiological appearances of the tumour suggest that it is a meningioma a persistently normal EEG indicates that it is avascular whilst it can be inferred from a severe focal abnormality that the tumour has developed a fringe of blood vessels from the internal carotid tree and will be extremely vascular at operation.
In epilepsy the pattern of the migration of foci in children was found after study of serial recordings. The work by Gibbs et al. (1954) throws most light on these changes. During the first year of life, generalized continuous epileptic discharges are frequently encountered in a pattern which they term hypsarrhythmia. This appears to be the most malignant form of epilepsy. Afterwards until about the age of 5, the picture is commonly one of impure epileptic complexes, mixtures of slow spikes and slow waves. From then until about the age of 12 generalized 3 c/s spike and wave discharges occurring in bursts are common and indicate a relatively benign form of epilepsy. Although these epileptic features are more or less specific for their age groups, they do not tend to be transformed from one to another with increasing age. During adolescence, generalized seizure activity becomes rare and anterior temporal discharges are more likely to be encountered. Focal epilepsy is seen, however, in young children when the occipital lobes are generally involved. If these cases are kept under observation, the epilepsy will either clear up completely or the foci will move forwards into the mid-temporal area. Around adolescence these, too, clear up or migrate into the anterior parts of the temporal lobes. They later migrate to deeper structures. In a series of children nearly half (48 %) with occipital foci had become quite normal by the age of 9, whilst similar improvement later was found in those with mid-temporal lobe epilepsy, 50% having become normal by the age of 15.
Epileptic spike and wave activity is now known to occur in a number of different biochemical disturbances, though there may well be an underlying linkage between them These rhythms have followed the prescription of one of the hydrazides which can induce a temporary epileptic state in animals and have been used to produce therapeutic convulsions. The most effective is thiocarbohydrazide, an oral dose of from 100 to 200 mg., producing a spontaneous seizure after one to three hours. EEG studies indicate that the seizures originate subcortically and 3 c/s spike and wave bursts have been recorded (Pfeiffer et al., 1956) . The epileptic response to these hydrazides is thought to be due to acute pyridoxine (vitamin B.) deficiency, the most convincing reason being that when given by mouth it acts as a complete antidote to the temporary epileptic state.
Following experimental work on animals on synthetic diet and particularly Swank and Jasper's (1942) finding that epileptic paroxysms occurred in the EEGs of pigeons on a thiamine-deficient diet, Fox and Tulledge (1946) treated eight schoolboys of 14 and 15 years of age suffering from epilepsy with pyridoxine without the slightest change in the incidence of their fits. A similar clinical experiment was carried out by Livingston et al. (1955) who were not able to control epileptic seizures in any one of 31 patients treated with this substance. All these patients were over 6 months of age.
Experience with infants under the age of 6 months is, however, quite different. An outbreak of convulsive seizures occurred all over the U.S.A. and was reported by Coursin (1954) and Molony and Parmelee (1954) . The common factor to these infants was the very pure dried milk preparation which was shown to be deficient in vitamin B6. 54 of Coursin's cases responded immediately to treatment with pyridoxine as did Bickford's case (1954) whose EEG had shown hypsarrhythmia. Williams' case (1954) was controlled with this substance, but the fits recurred whenever it was deprived of it. 2-3 c/s spike and wave epileptic discharges occurred in the infant studied by Hunt et al. (1954) and these were abolished in the EEG fifteen minutes after the prescription of 6 mg. of pyridoxine. The infant's mother, in this latter case, had been given large doses of pyridoxine during pregnancy to control hyperemesis and it seems possible that in susceptible cases the foetus develops an active enzyme system which is capable of accelerating the breakdown of pyridoxine. Following delivery, this metabolic anomaly could be manifested as a state of pyridoxine dependency in the infant.
It is interesting to compare this work with the changes described by Walton et al. (1954) in pernicious ana?mia and vitamin B12 deficiency.
A high incidence of seizure activity of the petit mal type has been described in cases of phenylpyruvic oligophrenia, the 3 c/s spike and wave activity appearing particularly in sleep.
The clinical picture of intellectual defect, muscular hypertonicity and occasional fits results from an inability to oxidize phenylalanine to tyrosine-and has been considered to be due to phenylalanine poisoning. The urine contains phenylpyruvic acid, phenylalanine and phenylacetic acid. No consistent pathological findings have been reported though in one case described by Corsellis (1953) one occipital lobe was demyelinated. Clinical improvement has been reported from several centres with phenylalanine-free diet but symptoms returned when a normal diet was substituted. In two of three typically fair-haired children so treated by Woolf et al. (1955) the petit mal ceased as did the spike and wave activity, the EEG becoming normal in one.
A new inborn error of metabolism has recently been described by Baron et al. (1956) and termed "H" disease. A defect in tryptophane metabolism to nicotinic acid has been postulated as the cause. They describe a family many of whom had a unique aminoaciduria.
Two of the children affected were subjected to serial EEG studies. The elder, a boy of 12, was mentally backward and developed in 1951 a pellagra-like illness with ataxia. He was admitted to the Middlesex Hospital under Dr. Edward Hart because these symptoms had not responded to vitamin-B therapy which had benefited his elder sister fourteen years earlier when she was similarly affected. Clinical examination disclosed a variable cerebellar syndrome together with some pyramidal involvement. The urine contained a variable amount of amino-nitrogen, from 600 mg. to 1,130 mg. per twenty-four-hours, the normal figure being 41 mg. Paper chromatography disclosed a gross amino-aciduria. The urine contained at least twelve amino acids including analine, phenylalanine and tryptophane. A pyruvate-metabolism test was normal.
The disease was in an active phase during the period of EEG study. He was not drowsy.
A feature of the tracings was the appearance of migrating 3 c/s focal abnormalities appearing over one or other of the temporal lobes. Thus, on 8.6.51 (Fig. 1 ) a severe 3 c/s abnormality was present in the left temporal lobe with a phase reversal. On 2.7.51 the dominant frequency was at 3 c/s and this occurred in all areas. A similar record was obtained three days later, but on 9.7.51 (Fig. 2 ) a 4 c/s focal abnormality was seen over the posterior part of the right temporal lobe, again with a phase reversal. Three days later, this focal change disappeared. On 16.7.51 (Fig. 3 ) the 3 c/s focal change had reappeared over the left temporal lobe whilst three days later (Fig. 4 ) the focus had reappeared over the right temporal lobe. In the following month, there was a phase reversal over the right temporal lobe. In January 1952 the records were quite normal.
No further EEG examinations have been recorded, but he later developed violent outbursts of temper and developed choreiform movements. The symptoms continued to vary and one relapse in 1955 was improved with chlortetracycline and nicotinamide. One of the patient's younger brothers also suffered from the amino-aciduria and rash, and was of low intelligence. His EEGs were similar to those of his brother, and in one a severe 3 c/s focal abnormality with a phase reversal was found over the right temporal lobe. His condition later deteriorated. In 3 other siblings normal EEGs were obtained. In 2 of these, the urine was quite normal, but the third, aged 6, showed the characteristic amino-aciduria though nothing clinically was amiss.
Reversible EEG changes dependent upon a disorder of protein metabolism are encountered in portal systemic encephalopathy. This condition is generally subsequent upon cirrhosis of the liver and the subsequent development of a portal collateral circulation. As a result, toxic nitrogenous material from protein breakdown in the gut avoids deamination, is deflected into the systemic circulation and adversely affects the brain, producing a picture of mixed pyramidal and extra-pyramidal disease which sometimes superficially resembles Parkinson's disease. The patients exhibit a flapping tremor together with changes in personality, confusional attacks, epileptic fits and sometimes even progress to psychotic states including mania and paranoia. These symptoms are always aggravated by increased nitrogen intake and coma may ensue. (Sherlock et al., 1956.) The results have been striking. The EEG tracings were placed into Grades 1 to 5, whilst the clinical condition was assessed in one of four grades. In the EEG, Grades 1 and 2 consisted of mild non-specific changes. In Grade 3, an alpha rhythm still appeared, but was disturbed by long runs of 5-6 c/s waves, whilst in Grade 4 no normal activity was seen, the dominant frequency being at 5-6 c/s in all areas. In Grade 5, this 5-6 c/s activity was disturbed by frontally-preponderant bursts of 2 c/s rhythms. The clinical grades were Grade 1, in which the changes were very mild, and Grade 2 when the flapping tremor was seen and there were early mental changes. In Grade 3, there was gross mental disorder with disorientation, whilst the patients in Grade 4 were stuporous. A close correlation was shown between the clinical state and the severity of the EEG abnormalities. The degree of the EEG abnormality was correlated with the level of ammonium concentration in the arterial blood, the peripheral vein blood and the C.S.F. Although the findings in most cases were striking, some discrepancies occurred which are being studied.
It has proved possible to reverse the EEG abnormalities by employing the specific treatment devised by Sherlock and her co-workers. If protein and nitrogen-containing drugs are completely withdrawn, whilst purges and chlortetracycline are given by mouth to diminish the small gut flora which act on the breakdown of protein and so assist in reducing the absorption of toxic nitrogen products, a quite normal EEG tracing may be produced coincidentally with the patient's clinical improvement.
Square, London):
A single EEG will occasionally localize intracerebral disease when no clues to the localization are provided by thorough clinical examination and X-ray study. Usually this is known in retrospect when the disease has progressed to give other signs of its presence. But these cases emphasize the need to make the electrical evidence of intracerebral disease as firm and unequivocal as a quadrantic field defect, a yellow C.S.F., or a shift of the ventricular system. Alongside these cases of successful prediction by the EEG one could place many failures, for there are a number of pitfalls in the interpretation of abnormal electrical patterns obtained from a single routine scalp record. For example, it is now clear that localized electrical abnormality may arise from histologically and functionally normal cortex which is being influenced only by nervous conduction from a remote area-in other words, that false localizing signs occur in the EEG just as they do in clinical neurology; that a record normal to-day may be abnormal to-morrow or with one type of abnormality to-day there may be a different type to-morrow; that an abnormality in a resting record may disappear during a fit, or alternatively during a fit may shift to a distant area; that clinical improvement is not necessarily related to electrical improvement and vice versa; and that as experience increases, inspection of an EEG record makes one less and less definite about inferring the state of consciousness of the patient, for considerable changes may occur in the level of consciousness with no corresponding changes in the scalp record and vice versa.
I think it is fair to say that the general trend of work on the exposed brain with large and small electrodes is to increase our wonder that the scalp record is of any use under any circumstances at all, for this work repeatedly reminds us of the highly localized nature of many types of electrical change and we must conclude that much electrical activity of clinical significance finds no representation at all in the scalp record. Nevertheless it is possible sometimes not only to obtain a localization of electrical abnormality on the scalp, but to get from the EEG presumptive evidence of local disease strong enough to justify a craniotomy when the patient is sufficiently disabled. This is illustrated by the following two cases.
Case 1.-As a boy of11 the patient was taken to hospital because for one month he had been having frequent short spells in which he lost consciousness but did not fall. An EEG showed a left temporal slow wave but there was nothing clinically to support the idea of local disease, X-rays were negative and the boy was given Tridione. This petit mal type of attack without any warning became more frequent and an occasional grand mal attack was added. He became surly and violent at times, drugs were changed, schooling became impossible, and he was sent to a colony. In the colony his behaviour was deplorable, his fits frequent and he was discharged at the age of 15 to a most unsatisfactory home. He first came to Mr. I. McCaul at the Whittington Hospital at the age of 19. He was a miserable specimen, sour and aggressive in between his fits, quite unemployable, in trouble with police and neighbours. He had no lateralizing aura to his fits, but he had a feeling that the ceiling was descending on him before he lost consciousness. He had no physical signs and A.E.G. and angiography were normal. In the EEG there was a well-localized left temporal sharp and slow wave abnormality, but a bilateral abnormality was frequently present also. We decided not to operate on his left temporal lobe because the EEG localization was not supported by any clinical or radiological evidence, and in view of his general personality and bilateral EEG disturbance we thought him a bad bet. His response to this decision was to attempt suicide by swallowing a large collection of tablets. His life was saved by a lucky chance, but he told us on recovery that he would do it again and not failif he could not have the operation. Faced with this unusual predicament his left temporal lobe was explored with electrocorticography under local anatsthetic. The cortex looked normal but beneath the electrical focus a cyst 1 cm. in diameter surrounded by extensive gliosis was found and removed. Since the operation two years ago he has been entirely free from fits, though he has had an occasional "feeling" which does not develop further. There has been a striking change for the better in his general morale and behaviour and he is now at work for the first time in his life.
CaseII.-A boy of 14 came under the care of Dr. Denis Williams. He was a normal child in a good home until at the age of 7 he had a series of major attacks. Anticonvulsants were given but the attacks continued without any localizing features and there was a sudden onset of severe aggressive behaviour associated with his attacks. He was investigated a year later. There was nothing to find clinically or on lumbar encephalography, but a single routine EEG reported on by Dr. W. Cobb showed a left frontotemporal slow spike and wave. This was suggestive of an acquired lesion but there was nothing to support it, operation was deferred and the boy was lost sight of. He, in fact, went from bad to worse, a colony could not keep him because of his severe behaviour disturbance and at the age of only 12 he was sent to an adult mental institution. Here he developed a left foot-drop and now, aged 14, was sent again to the National Hospital. Here he would have outbursts of extreme, aggressive behaviour terminating in a grand mal attack. The reason for his foot-drop was a mystery, but there was nothing to suggest an intracerebral lesion; a lumbar encephalogram was again normal. The most conspicuous feature of his very abnormal resting EEG was frequent bilateral outbursts of complex and irregular spike and wave episodes. They were most prominent in the frontal leads and showed a slight difference on the two sides of the head-the spikes were sharper and greater in amplitude on the right side and the slow components occasionally more marked on the left. It was suggested that there might be a left frontal lesion giving rise to secondary bilateral synchrony, but a left carotid arteriogram was reported on as normal. In spite of this further EEG explorations were done, for a significant piece of past history was now discovered, namely that after one series of attacks several years before he had had a dysphasia and right-sided weakness of a few hours' duration. In the further EEG tests there were several recordings from additional scalp electrodes, while intravenous barbiturates were given, and finally extradural electrodes were placed over each frontal lobe through frontal burr holes. These additional tests greatly strengthened the electrical evidence for a left frontal lesion and when a flap was turned by Mr. W. McKissock a large lesion was at once apparent. The operation notes read "the surface of the cortex shows an oval area of old hvmorrhage, 5 cm. in diameter, greenish-yellow in colour and to me exactly the sort of lesion that one sees from intracranial himorrhage due to a cortical angioma. The area of abnormal tissue Proceedings of the Royal Sociey of Medicine extended down to the base of the anterior fossa and on to the undersurface of the frontal lobe extending as far backward as 1 cm. short of the lesser wing of the sphenoid". The electrical abnormality was even more widespread on electrocorticography and an extensive amputation of the left frontal lobe was performed. The pathologist reported that "sectioning was difficult owing to calcification but the specimen contained a cyst and locules of altered blood bounded by dense white connective tissue suggestive of an angiomatous malformation". The boy has been entirely free from fits since the day of operation over two and a half years ago and attends a normal school and is a socially satisfactory person.
Discussion.-These two cases bring out a number of significant points. First that in their fully-developed state both cases satisfy all the criteria on which "idiopathic epilepsy" is diagnosed: no localizing features in the character of the fit, no physical signs, special X-rays normal, generalized bilateral EEG disturbances; and they remind us that grand mal and a type of minor attack without lateralizing aura are common symptoms of local disease in a cerebral hemisphere. This point needs stressing because there is a tendency to look on fits of these types as evidence of a primary disorder of a "centrencephalic" system and ipso facto untreatable save by drugs. No EEG record should, in my opinion, ever be used to support a diagnosis of "idiopathic" or "essential" or "centrencephalic" epilepsy. These terms are, at the moment, required to cover our ignorance, and I would suggest that the EEG is being over-interpreted if it is used to make these terms scientifically respectable.
A second and more fundamental point which these cases illustrate is well known to electroencephalographers, namely the questionable value of a single routine scalp record. If it gives some supporting evidence, however weak, to a clinical impression, it may be appreciated, but if a localization is suggested for which there is no other support, the single routine scalp record will be ignored (and in my opinion rightly) because the evidence it provides is insufficiently definite.
It would seem that cases like the above two in which this occurs should be admitted to hospital for a thorough investigation of cerebral function with a series of electrical tests appropriate to the case planned by a clinician with special training in EEG methods and with neurosurgical assistance at hand. He will have a number of questions to consider: Shall medication be withdrawn? Shall a fit be provoked with an intravenous drug during a recording? Shall intravenous barbiturates be used? Shall sphenoidal electrodes be used, or shall electrodes be inserted through burr holes in the scalp? Is electrocorticography necessary? And so on.
As the variety of procedures and tests is multiplied and evidence of cerebral damage becomes consistent throughout different types of test, the EEG evidence has a chance of acquiring the necessary firmness, and only then will action be taken on it. There are good grounds for suspecting that the single routine EEG as at present conceived is strangling the proper development of the art. For the few trained people are occupied in the provision of a large volume of reports, many of which must be too indefinite to be helpful to the clinician, and, at worst, may be definitely misleading to him.
